Background: Tranexamic acid (TXA), a synthetic antifibrinolytic drug, is effective as a treatment for serious hemorrhage, including bleeding arising from major trauma and post-operative interventions. Significant acute gastrointestinal bleeding may have a poor outcome despite routine medical and endoscopic treatments. The aim of this study was to assess whether early intravenous and/or intravenous plus topical administration of TXA reduces the need for urgent endoscopy for acute gastrointestinal bleeding. Method: This double-blind randomized clinical trial included 410 patients with proven acute gastrointestinal bleeding. All patients received conventional therapy. The subjects were randomized to three groups: (A) 138 patients received intravenous TXA (1 g q6h); (B) 133 patients received topical TXA (1 g single dose by nasogastric tube) plus systemic TXA; and (C) 139 patients received a placebo (sodium chloride 0.9%) for 24 hours. Subgroup statistical analyses were conducted for urgent endoscopy, mortality, re-bleeding, blood transfusion, endoscopic and/or surgical intervention rates, and health status. Results: The time to endoscopy was significantly shorter in group C (15.58 AE 7.994, p < 0.001). A need for urgent endoscopy was seen in 14.49%, 10.52%, and 30.21% of patients in groups A, B, and C, respectively (p < 0.001). No significant statistical differences were seen between treatment groups regarding mortality, re-bleeding, blood transfusion, and endoscopic and/ or surgical intervention rates. No thromboembolic event was documented during the 1-week follow up. Conclusions: Our results showed that the antifibrinolytic properties of TXA can aid in changing an urgent endoscopy to an elective procedure, with better outcomes for both physicians and patients.
Introduction
Acute gastrointestinal bleeding (GIB) is a common lifethreatening emergent condition that is associated with high morbidity and mortality rates. 1 Annually, acute upper GIB occurs in approximately 1 person per 1000, with a higher rate in males and the elderly. 2, 3 About 65% of GIB originates from the upper 1 gastrointestinal (GI) tract and the rest from the lower GI tract. 4 Upper GIB management has progressed over past two decades, and yet GIB still has a high mortality. 5 This point emphasizes the importance of differentiating patients who need urgent intervention (e.g. endoscopic, colonoscopic, surgical, or transfusion) from those who can afford to delay intervention or even be managed as outpatients. Endoscopy is currently regarded as an effective method for achieving therapeutic and diagnostic goals in the treatment of both upper and lower GIB. Pharmacological treatment also plays an important role, in addition to endoscopic hemostasis. 6 The length of hospitalization, need for blood transfusion and intensive care unit (ICU) requirements can also be reduced by early endoscopy (defined as endoscopy performed within the first 24 hours of admission). Nevertheless, GIB clinical outcomes are not reduced by endoscopic intervention conducted within 6 hours of admission, and the intervention can also increase the length of hospital stays of patients who are clinically at high risk. Hence, rapid endoscopy should be done on a case-by-case basis. 7 Tranexamic acid (TXA) has been recognized as an efficient pharmacological treatment with an antifibrinolytic effect that is useful for reducing hemorrhage following operations, bleeding trauma, or even heavy menstruation. [8] [9] [10] The results of the CRASH-2 trial showed that TXA administration significantly reduced both mortality rate (relative risk 0.91; 0.85-0.97) and death due to bleeding (relative risk 0.85; 0.76-0.96). 11 Accordingly, some studies also proposed the possible effectiveness of TXA as a treatment for acute GIB. Some previous trials have supported the use of TXA for reducing risk of death after GIB, while other trials showed no difference between patients who received TXA and those who received a placebo. One metaanalysis showed a reduction in mortality rate but no alleviation of bleeding or reduction in the need for transfusion. 12 A systematic review by Ker et al. reported that the topical use of TXA reduced bleeding and the need for blood transfusions in patients who underwent surgery. 13 A recent study in a small sample of children with peptic ulcers reported that the use of topical TXA with an endoscopic procedure lowered the re-bleeding and the need for blood transfusions in the case group when compared with a control group.
14 At present, the effectiveness of TXA in reducing the need for urgent endoscopy remains unestablished. However, the Hemorrhage Alleviation with Tranexamic Acid -Intestinal System (HALT-IT) trial is currently underway to determine the effect of TXA on the acute significant GIB mortality rate in about 8000 patients randomized for either TXA or a placebo. 15 The aim of the present double-blind randomized trial was to assess the efficacy of intravenous TXA, with and without topical administration, versus placebo in reducing the need for urgent endoscopy, endoscopic and/or surgical intervention rates, blood transfusion requirements, and re-bleeding rates, and in improving the health at 72 hours and 1 month after admission in each group.
Methods

Study design
Patients older than 18 years with proven significant acute bleeding from any part of the gastrointestinal tract who primarily visited in the emergency room, ward and/or the ICU of Rasoul-e-Akram Hospital in Tehran, Iran were enrolled in this double-blind randomized controlled trial. Based on the study by Hawkey et al, the proportion of positive endoscopic findings was 52.7% and 26.3% in the patients who received placebo and TXA, respectively. 16 In this regard, and considering type 1 error rate of 0.05 and power of 90%, the required sample size was estimated to be at least 135 patients for each group. The patients were randomly assigned to three groups using a computer-generated randomization table (138 patients in group (A), 133 in group (B), and 139 in group (C)). An independent researcher made random allocation cards using computer-generated random numbers. He kept the original random allocation sequences in an inaccessible third place and worked with a copy. Since the executors could get confused with the original coding of A and B later, the allocator recorded exactly what these codes meant to avoid further confusion. Because GIB is an emergency situation, brief information was collected on an entry form to evaluate patient eligibility. We needed to decide very quickly whether a patient was suitable for the trial, usually as soon as possible after the problem was identified. Group (A) received 1 g/q6h intravenous TXA, group (B) received a 1 g stat-dose by nasogastric tube, followed by systemic TXA, and group (C), the placebo group, received sodium chloride 0.9% with the same intravenous (IV) or nasogastric tube. Conventional IV fluid was administered to all patients and a conventional proton pump inhibitor (PPI) was initiated for patients with a probable clinical diagnosis of upper GIB. All participants and study personnel were blinded to the study arms. In this doubleblind experiment, neither the patients who were administered drugs nor the researchers (injectors of the drugs) knew which participants belonged to the control (placebo) group, nor the test group. In fact, the content of the used agents was uncertain by coding the boxes and syringes. Only after all data were recorded, did the researchers learn which participants were which. The study protocol was approved by the ethics committee of the Iran University of Medical Sciences (IUMS number: 93-03-182-25168-106451), and the trial was also registered in Iranian Registry of Clinical Trials which was primary registry in the World Health Organization registry network (IRCT2014120120178N1).
Participants
For the 410 patients who enrolled in this study, GIB (hematochezia, melena, and hematemesis) was documented by history taking, physical examination, and/ or lab tests. The exclusion criteria were: age <18 years, pregnancy, lactation, oral contraceptive pill use, history of a recent (12 months) thromboembolic disease, malignancy (except those cured and with no recurrence for >2 years), end-stage renal disease and/or nephrotic syndrome, underlying cardiac arrhythmia where anticoagulation is indicated (atrial fibrillation/flutter), oral body temperature >38 C, acquired color and/or acuity vision impairment, seizure, severe liver disease and/or previous history of variceal bleeding, unobtainable informed consent, and any allergic history to the medication.
Data collection
Demographic data, such as age, sex, smoking, type of GIB, vital signs, and laboratory data (hemoglobin (Hb), creatinine, prothrombin time, partial thromboplastin time, international normalized ratio, blood group/Rh), were recorded. The time to need for doing the first (urgent and/or early) endoscopy after admission (based on the expert's viewpoint and the patients' hemodynamic stability status) and endoscopic data, including endoscopy time, clearance, and findings, was recorded. The need for emergency endoscopy referred to performing this procedure in a time span of 24 h after presentation especially due to acute severe GI bleeding or any evidence of other problems such as acute biliary pancreatitis and acute cholangitis. The re-bleeding rate, number and type of transfusion, endoscopic and/or surgical intervention rate, ICU admission rate due to this condition, duration of ward/ICU admission, drug adverse effects, mortality rate, and causes of death were recorded in the first 24-72 h, and if possible, the patients were followed up for 1 month. The 1-month mortality rate and causes of death were recorded by calling the caregivers of the patients and/or hospitalization documents. Hemodynamic instability (shock, orthostatic hypotension) or active bleeding (manifested by hematemesis, bright red blood per nasogastric tube, or hematochezia) were indications for ICU admission and resuscitation. Urgent endoscopy (defined as first endoscopy <6 hours after an emergency visit) was performed after resuscitation.
Need to blood transfusions were defined as Hb < 7 g/dl (70 g/l) for most patients, with a goal of maintaining it at a level !7 g/dl (70 g/l). The threshold might be higher at Hb ! 9 g/dl (90 g/l) for high-risk patients with adverse events in the setting of considerable anemia. [17] [18] [19] However, need to blood transfusions were defined as the apparently normal Hb levels in the patients with active bleeding and hypovolemia. 17 Re-bleeding was defined as overt hematemesis; passage of fresh blood from the rectum; a drop in Hb level of >2 g/l within any 24 h period after the first 24 h following endoscopic homoeostasis; shock (defined as a systolic blood pressure of 90 mmHg or a heart rate !110 beats/min) in the presence of continuing melena; or the presence of bright red blood in the stomach or duodenum, or both, at repeat endoscopy when more bleeding was suspected. 18 
Statistical analysis
Results were presented as mean AE standard deviation for quantitative variables and were summarized by frequency (percentage) for categorical variables. Continuous variables were compared using an analysis of variance or a Kruskal-Wallis H test whenever the data did not appear to have normal distribution or when the assumption of equal variances was violated across the study groups. Categorical variables were compared using the Chi-square test. All statistical analyses were conducted using the statistical software SPSS version 16.0 for windows (SPSS Inc., Chicago, IL, USA). A p-value <0.05 was considered statistically significant.
Results
In total, 410 patients were enrolled in the study. The mean age of the participants was 58.81 AE 15.60 years and 66.8% were male; age and sex distribution between groups was not statistically different. A total of 23.9% of our patients were smokers, with no significant differences in the three groups (p ¼ 0.784). Hematemesis was the most common clinical presentation of GIB overall. No significant differences were seen in the three groups according to the symptom presentations (p ¼ 0.185). Table 1 shows the clinical and demographic data of the patients in this trial. No differences were noted for the clinical data of the three groups (Table 1) .
Duodenal ulcer was the most common endoscopic finding overall (30.7%) and its incidence was not significantly different among the groups (Figure 1 ). The most common finding of colonoscopy overall was diverticular bleeding (4.9%), and its incidence did not differ significantly among the groups (Figure 2 ). We found esophageal varices for the first time in 11.9% (7/59) of the patients with GIB who underwent upper GI endoscopy. A total of 57 endoscopy interventions were done, including 13 adrenaline injections, 14 adrenaline injections and hemoclips, 23 adrenaline injections and argon plasma coagulation; and 7 esophageal variceal band ligations.
Comparison of the time to the first endoscopy differed significantly among the three groups (p < 0.001). The mean time to the first endoscopy was 17.70 AE 7.99 h overall, and was 18.35 AE 8.23, 19.28 AE 7.29, and 15.5 8 AE 7.99 hours in groups (A), (B), and (C) respectively (Table 2 ). A total of 20 patients in group (A) (14.49%) and 14 patients in group (B) (10.52%) required urgent endoscopy, compared with 42 patients in group (C) (30.21%) (p < 0.001).
Mild non-serious adverse effects were seen in 14.1% of all patients. Nausea (7.8%) was the most common side effect. At 3 days after treatment, the mild drug side effects were higher in group (A) than in group (B). At 1 month after the medical intervention, the thromboembolic events were significantly more prevalent in control group (C) (5/138) than in group (A) (1/137) (p ¼ 0.032). No thromboembolic events were observed in group (B).
The re-bleeding, blood transfusion, and endoscopic and/or surgical intervention rates were not statistically different among the groups (Table 3) .
The overall and based on the bleeding, 1-month mortality rate were 10.9% and 2.2% respectively. The prevalence of bleeding, as a cause of mortality in patients with GIB, was lower in group (B) than in groups (A) and (C) (Figure 3) . The other causes of mortality showed no significant differences among the three groups.
Discussion
GIB requires emergency care that includes medical treatment and endoscopy to find the source of bleeding and treat it by endoscopic intervention, if possible. 19 Gastroenterology practices must therefore be available 24 hours a day to manage GI emergencies like GIB, which is seen in most cases referred to the emergency room. 20 Airway management and hydration with intravenous fluids or blood transfusion are the primary goals of GIB management. 21 Based on the bleeding source, different medications may be associated with better outcomes. 21 Oral and intravenous PPIs have been considered as a cost-effective medication in upper GIB management to reduce re-bleeding, mortality, and the need for surgery. 22, 23 Radiologic and endoscopic intervention methods were done for diagnosis and treatment of patients with GIB. Some experimental studies have suggested that TXA, a clot breakdown inhibitor, is effective for GIB management. 12 TXA inhibits plasminogen, which is a main enzyme involved in fibrinolysis. TXA also directly reduces the fibrinolytic activity of pepsin. Recently, TXA has also been shown to have anti-inflammatory effects. 24 TXA has been administered in upper GIB patients and the highest plasma concentration was seen 1 h after injection. 12 The most common GI adverse side effects associated with TXA administration are diarrhea and nausea. Dizziness and hypotension can be seen following rapid injection of TXA, when the recommended infusion rate is <100 mg/min. The antifibrinolytic effects of TXA have led to its use as an effective drug for reducing bleeding following surgery, heavy menstruation, and even other types of serious post-traumatic bleeding. The recommended dosage for TXA is 0.5-1 g (10-15 mg/kg), delivered Table 3 . Clinical outcomes at 72 hours and 1-month follow up. intravenously 3-4 times per day. 25 In this way, we found an overall incidence of mild, non-deleterious adverse effects of 14.1%. Similar to previous studies, 26 the most common adverse effects were GI problems (nausea 7.8%), as a common presentation in GI bleeding patients. We recorded an incidence of 2.2% for GI problems in the control group. It seems that an exact estimation of side effects is not possible in this bleeding group. Nevertheless, these problems may not be considered as side effects of TXA, because all our patients had underlying GI problems. Thromboembolic events are rare, serious and lifethreatening adverse effect of TXA. The CRASH-2 trial demonstrated a reduced risk of death, without any thromboembolic adverse events, in 20,211 trauma patients who received TXA. 11 In the present study, no thromboembolic event was documented during the first week after TXA administration. But we recorded 1 and 5 thromboembolic events in group (A) and (C) patients, respectively after 1 month of follow up. In comparison with our results, some case reports have shown thromboembolic events associated with TXA. 27, 28 Thus, these findings should be confirmed by other surveys with larger populations.
The therapeutic and diagnostic role of endoscopy remains critical in GIB management unless the condition requires emergent intervention.
Contrary to our expectation, urgent endoscopy was less effective than early endoscopy in improving outcome. Some risks of urgent upper endoscopy are aspiration, adverse reactions to conscious sedation, unclear field due to active bleeding, risk of perforation and increasing bleeding while attempting therapeutic intervention and the difficulty in achieving homeostasis. 29 Urgent endoscopy, when compared with elective endoscopy, has more side effects, lower accuracy and availability, and leads to more misdiagnoses. Hence, a consensus exists regarding the need to lower urgent endoscopy in patients with GIB. And rapid endoscopy should be done on a case-by-case basis. 7 The days of admission and transfusion rates were lowered by an early endoscopic approach in previous studies. 30 The efficacy of treatment and risk stratification by early endoscopy remains controversial with respect to the reduction of resource utilization or negative patient outcomes. [31] [32] [33] Some previous studies have shown improved outcomes and lowered resource utilization following early endoscopy 33, 34 while other studies did not. 31, 32 Endoscopy cannot reveal the cause of upper GIB in about 20% of patients. 35 We found normal endoscopies in 10.2% patients (40/390) in this study.
Early administration of TXA can apparently decrease the urgent endoscopy rate and increase the time for doing the first procedure in acute significant GIB patients. This means that its antifibrinolytic effect can help the physicians and patients in a decision to change urgent to elective procedures, with better outcomes for both physicians and patients. According to endoscopic findings, the occurrence of active bleeding, oozing, and clotting was slightly higher in the placebo group. For this reason, a previous study has suggested the use of TXA in GIB, 36 although its efficacy in lowering urgent endoscopy rate was not investigated. In the present study, re-bleeding, endoscopic and surgical intervention, and blood transfusion rates were not significantly lowered, consistent with the meta-analysis conducted by Bennett et al. 12 According to our study, the mortality rates from all causes and based on bleeding were slightly higher in the placebo group (C), but the differences were not statistically significant among the treatment groups, in contrast with this earlier meta-analysis. 12 However, the results of the meta-analysis were not reliable due to high dropout rates in some trials, and the authors suggested that more studies should be done focusing on the efficacy of TXA for the treatment of GIB.
Based on the subgroup analysis in each upper and lower GIB patients (Table 2) , it seems that the topical TXA effect can slightly decrease urgent endoscopy rates in upper against lower GIB patients, as we expected.
This study has some limitations: First, 61 out of 410 patients failed to continue their 1-month follow up. Second, we recorded 1-month mortality rates and causes of death by calling the caregivers of the patients and/or reviewing hospitalization documents. Therefore, we could not precisely evaluate the cause of death. However, the mortality rate and the causes of death after early administration of TXA was not the main aim of this study.
In summary, our results show that the antifibrinolytic properties of TXA, the same as the effect of PPIs in clot stabilizing, can help physicians and patients in the decision to change an urgent endoscopy to an elective procedure, with better outcomes for both. The safety and low cost of TXA should encourage its use beyond the current standard treatment.
Further research with larger populations is needed to elucidate other aspects of management of GIB patients with TXA.
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